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ABSTRACT 

INTRODUCTION: Dental pulp has neural fibers that produce neuropeptides like Substance P 
(SP) and calcitonin gene-related peptide (CGRP). The inflammation of dental pulp can lead to 
an increase amount of SP and CGRP release, especially in symptomatic irreversible pulpitis. 
Therefore, it can be assumed that neuropeptides have some role in the progression of 
inflammation of the dental pulp. The aim of this study was to determine the relation between the 
presence and concentration of neuropeptides in dental pulps of carious teeth caries. 
MATERIALS AND METHODS: For this purpose, pulpal tissues were collected from 40 teeth 
(20 carious and 20 intact). Pulpal samples were cultured for 72 hours. ELISA reader was used 
for the detection of SP and CGRP in supernatant fluids. Statistical analysis was made by Mann- 
Whitney U and Chi square tests. 

RESULTS: SP and CGRP were present in 65% and 20% of inflamed pulpal samples, 
respectively and 40% and 5% of normal pulpal samples, respectively. Level of SP was 
signiflcantly higher in inflamed pulp samples compared to intact pulps; however, there was no 
statistical difference when the other groups and neuropeptides were compared. The mean 
concentration of SP in normal pulps was 3.4 times greater than that of CGRP; interestingly in 
inflamed pulps the concentration of SP was 22.3 times greater than CGRP. 
CONCLUSION: We can conclude that in inflamed dental pulps, the concentration of SP is higher 
than CGRP. It can be hypothesized that CGRP has less effect on the inflannmatory changes of 
dental pulps. [Iranian Endodontic Journai 2010;5(3):113-6] 
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INTRODUCTION 

Dental caries is the most common cause of the 
inflammation of dental pulp. It is characterized by 
the presence of different inflammatory leukocytes 
that produce a wide variety of inflammatory 
mediators such as cytokines and prostaglandins 
(1^). It would be reasonable to assume that these 
sensory-derived neuropeptides have some 
essential role in the microvasculature of 
connective tissue such as vasodilation and the 
increase of vascular permeability. This then leads 
to extravasation of plasma (5,6). Calcitonin gene- 
related peptide (CGRP) and Substance P (SP) has 
been shovm to enhance other aspects of immune 



responses, such as release histamine from mast 
cells, chemotaxis and phagocytosis (7,8), 
synthesis of other inflammatory mediators 
including cytokines (9-11) and metabolites of 
arachidonic acid (12). Their overall effect initiates 
the neurogenic inflammation. In response to 
injury, the sensory nerve fibers undergo 
significant changes that could be responsible for 
providing a local source of neuropeptides (13-16). 
Also, dental pulp is highly innervated vascular 
tissue with sensory nerve fibers which contain SP 
and CGRP and both have been discovered in the 
dental pulp (17-22). Both of these neuropeptides 
are thought to be major initiators of neurogenic 
inflammation (23). 
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Figure 1. Comparison of CGRP and SP 
concentration (pg/mL) between intact and 
carious samples 

Several studies have shown that SP plays a key 
role in the inflammatory processes of dental pulps 
especially in the cases of symptomatic 
irreversible pulpitis (24-28). In response to caries, 
there is an increase in neuropeptides expression in 
dental pulps (29,30). In addition to sensory nerve 
fibers, it was suggested that fibroblasts play a role 
in neurogenic inflammation of the pulp (31). 
However, studies have not analyzed and 
compared the presence of both SP and CGRP, 
between carious and noncarious dental pulp; 
therefore, the aim of this study was to determine 
the relation between pulpal SP and CGRP and 
caries. 

MATERIALS AND METHODS 

In this case-control study was performed 
following the recommendations and guidelines on 
ethics in research with human tissues. Patients for 
the study were selected from Shahid Beheshti 
University of Medical Sciences, Dental School 
and signed an informed consent document 
approved by the Institutional Review Board. 
In this case -control study, dental pulps from 
normal (n=20) or carious (n=20) teeth were 
accessed by mechanically halving the teeth 
immediately after extraction from forty patients. 
The average age of patients in case and control 
groups were 38.5+14.01 yrs (50% female, 50% 
male) and 29.4+14.01 yrs. (60% female, 40% 
male), respectively. Patients included in the 
study did not have systemic disease and had not 
taken antibiotic, nonsteroidal anti- inflammatory 
drugs, HI and H2 antagonists in the past 3 
months. In the case group, the distance of the 
carious lesion from the pulp chamber was more 
than 1 mm. Tissue samples were placed in 
culture medium [RPMI-1640 (lOg/L) and Fetal 
Bovine Serum (10%)] on ice immediately after 
surgical excision. The samples were then rinsed 




Figure 2. Comparison of CGRP and SP presence 
(%) between intact and carious samples 



with a solution of 10 g/L RPMI 1640, 100 
UI/mL penicillin and 100(xg/mL streptomycin. 
They were cut into small pieces (1 mm^) with a 
surgical scalpel in sterile Petri dishes. Each 
segment (corresponding to one sample) was 
scratched with sterile surgical blades (No. 15) 
and then moved to a single well of a 96-well 
tissue culturing plate and submerged in 300 jjL 
of a culture medium containing 10 g/L RPMI- 
1640, Fetal Bovine Serum, PenicilUn- 
Streptomycin (100 UI/mL peiucillin and 100 
|xg/mL streptomycin). As neuropeptides and 
inflammatory mediators cascades require some 
time to initiate, the traumatic splitting and 
cutting of tissue samples of the pulp could not 
induce that much influence. Moreover, even if 
after splitting the teeth and severing pulp tissue 
following extraction there were some 
inflammatory changes, these would occur 
equally in both groups. 

The plates were then transferred to an incubator 
with 5% CO2 and kept for 72 hours. Tissue 
culture medium was replenished at 24, 48, and 72 
hours. Subsequent to each time interval, the 
supernatant medium was extracted with 
tuberculin syringes and frozen at -70°C. 
Histopathologic assessment verified the viabihty 
of cells after culturing. 

In order to determine the presence and 
concentration of CGRP (CM589101 Human 
CGRP ELISA kit, IBL, Germany) and SP 
(CM583751 Human SP ELISA kit, IBL, 
Germany) in supernatant fluids, ELISA method 
was used. Statistical analysis was conducted with 
Mann-Whitney U and Chi Square tests. 

RESULTS 

CGRP was found in 5% (mean concentration of 
0.80+3.57 ng/mL) and 20% (mean concentration 
of 5.80+5.70 ng/mL) of intact and carious 
samples, respectively. SP was present in 40% 
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(mean concentration of 2.75+3.81 ng/mL) and 
60% (mean concentration of 5.80+5.70 ng/mL) of 
intact and carious samples, respectively. There 
was a significant difference in the level of SP 
between case and control groups (P<0.05; exact 
value = 0.032), but there was no significant 
difference between SP and CGRP concentration 
in either intact or carious samples. In Figures 1 
and 2 the concentration and the presence of CGRP 
and SP between case and control groups have been 
compared with each other. There was no 
significant correlation between SP and CGRP 
based on Spearman's correlation coefficient. 

DISCUSSION 

The concentration of SP in normal pulps was 3.4 
times greater than CGRP and in the inflamed 
pulps the concentration of SP was 22.3 times 
greater. However, due to difference in their rate of 
production and roles, we could not statistically 
compare SP and CGRP with each other. 
We found a significant difference between 
carious and intact samples SP concentrations. In 
response to caries, there is an increase in SP 
expression, with greater SP expression 8 in 
symptomatic teeth (30). Others have reported that 
fibroblasts of carious teeth produce greater levels 
of SP compared with normal teeth (31). Results 
from the present study are consistent with the 
above studies. Substance P has been shown to 
stimulate monocytes-macrophages to produce 
tumor necrosis factor-alpha, an important 
inflammatory cytokine (10). SP therefore has an 
important role in inflammation. Reports have 
suggested that pulpal sensory nerve fibers and 
their products may have an influence upon the 
immune defense of the dental pulp (32). We 
found higher amounts of both SP and CGRP 
(CGRP not significant) in carious compared with 
normal samples. This indicates that SP may be 
involved in the inflammatory process of dental 
pulp via the sensory nerve fibers. This may be 
due to higher production rate of SP neuropeptides 
and also its role in inflammatory process. 
Interestingly, there is some evidence indicating 
that CGRP has some anti-inflammatory roles. 

A study found that morphological association 
with calcitonin gene-related peptide 
immunoreactive nerve fibers, the edges of healing 
pulpal lesions and zones of reparative dentin. This 
suggests that these fibers and CGRP are involved 
in the healing response of pulpal tissue (33). A 
report also suggested a possible role for CGRP 



and even SP in wound healing in dental pulp (34). 
The mean extracellular levels of SP were 
significantly higher (>8-fold) in teeth diagnosed 
with irreversible pulpitis than SP levels in pulps 
diagnosed as normal (28). Although we evaluated 
reversible pulpitis ather than irreversible, we 
found similar results to the above study. 
Moreover, the difference between irreversible and 
reversible pulpitis is becoming less distinct as the 
most current research trend is to tteat irreversible 
pulpitis with pulpotomy using regenerative 
biomaterials. 

CONCLUSION 

According to the present study, the 
concentration of SP is greater than CGRP in the 
presence of inflammation in dental pulps. Higher 
levels of of SP compared to CGRP could 
provide further evidence that CGRP has little 
effect on the inflammatory changes of the dental 
pulps and is involved in the reparative rather 
than inflammatory process of dental pulp. 
Further in depth studies on dental pulp at 
different stages of inflammation are required to 
reach more definitive results. 

ACKNOWLEDGMENT 

This article is based on the thesis of DDS degree 
in Enodontic Department of Shahid Beheshti 
University of Medical Science. 

Conflict of Interest: 'None declared'. 

REFERENCES 

1. JonteU M, Gunraj MN, Bergenholtz G. 
Immunocompetent cells in the normal dental pulp. J 
Dent Res 1987;66:1149-53. 

2. Bergenholtz G. Pathogenic mechanisms in 
pulpal disease. J Endod 1990;16:98-101. 

3. Sattari M, Haghighi AK, Tamijani HD. The 
relationship of pulp polyp with the presence and 
concentration of immunoglobulin E, histamine, 
interleukin-4 and interleukin-12. Aust Endod J 
2009;35:164-8. 

4. Sattari M, Asna-Ashari M, Hejazi M. Correlation 
Between IgE and Different States of Dental Pulps. Iran 
J Allergy Asthma Immunol 2001;1:141-5. 

5. Lembeck F, Holzer P. Substance P as 
neurogenic mediator of antidromic vasodilation and 
neurogenic plasma extravasation. Naunyn 
Schmiedebergs Arch Pharmacol 1979;310:175-83. 

6. Gamse R, Holzer P, Lembeck F. Decrease of 
substance P in primary afferent neurones and 
impairment of neurogenic plasma extravasation by 
capsaicin. Br J Pharmacol 1980;68:207-13. 



/"EJ -Volume 5, Number 3, Summer 2010 



115 



Kangarlou Haghighi et al. 



7. Bar-Shavit Z, Goldman R, Stabinsky Y, 
Gottlieb P, Fridkin M, Teichberg VI, Blumberg S. 

Enhancement of phagocytosis - a newly found 
activity of substance P residing in its N-terminal 
tetrapeptide sequence. Biochem Biophys Res 
Commun 1980;94:1445-51. 

8. Ruff MR, Wahl SM, Pert CB. Substance P 
receptor-mediated chemotaxis of human monocytes. 
Peptides 1985;6:107-11. 

9. Kimball ES, Persico FJ, Vaught JL. Substance 
P, neurokinin A, and neurokinin B induce generation 
of IL-l-like activity in P388D1 cells. Possible 
relevance to arthritic disease. J Immimol 
1988;141:3564-9. 

10. Lotz M, Vaughan JH, Carson DA. Effect of 
neuropeptides on production of inflammatory cytokines 
by human monocytes. Science 1988;241:1218-21. 

11. Calvo CF, Chavanel G, Senik A. Substance P 
enhances IL-2 expression in activated human T cells. 
J Immunol 1992;148:3498-504. 

12. Hartung HP, Wolters K, Toyka KV. Substance 
P: binding properties and studies on cellular 
responses in guinea pig macrophages. J Immunol 
1986;136:3856-63. 

13. Khayat BG, Byers MR, Taylor PE, Mecifi K, 
Kimberly CL. Responses of nerve fibers to pulpal 
inflammation and periapical lesions in rat molars 
demonstrated by calcitonin gene-related peptide 
immunocytochemistry. J Endod 1988;14:577-87. 

14. Byers MR. Segregation of NGF receptor in 
sensory receptors, nerves and local cells of teeth and 
periodontium demonstrated by EM 
immunocytochemistry. J Neurocytol 1990;19:765-75. 

15. Byers MR. Dynamic plasticity of dental sensory 
nerve structure and cytochemistry. Arch Oral Biol 
1994;39:13-21. 

16. Kimberly CL, Byers MR. Inflammation of rat 
molar pulp and periodontium causes increased 
calcitonin gene-related peptide and axonal sprouting. 
AnatRec 1988;222:289-300. 

17. Olgart L, Kerezoudis NP. Nerve-pulp 
interactions. Arch Oral Biol 1994;39:47-54. 

18. Olgart L, Hokfelt T, Nilsson G, Pernow B. 
Localization of substance P-like immunoreactivity in 
nerves in the tooth pulp. Pain 1977 ;4: 153-9. 

19. Uddman R, Grunditz T, Sundler F. 
Neuropeptide Y: occurrence and distribution in dental 
pulps. Acta Odontol Scand 1984;42:361-5. 

20. Wakisaka S, Ichikawa H, Nishikawa S, Matsuo 
S, Takano Y, Akai M. The distribution and origin of 
calcitonin gene-related peptide-containing nerve 
fibres in fehne dental pulp. Relationship with 
substance P-containing nerve fibres. Histochemistry 
1987;86:585-9. 

21. Akai M, Wakisaka S. The neurohistochemistry 
of neuroregulators in the dental pulp. J Osaka Univ 
DentSch 1986;26:1-15. 

22. Kim S. Neurovascular interactions in the dental 



pulp in health and inflammation. J Endod 
1990;16:48-53. 

23. Holzer P. Local effector functions of capsaicin- 
sensitive sensory nerve endings: involvement of 
tachykinins, calcitonin gene-related peptide and other 
neuropeptides. Neuroscience 1988;24:739-68. 

24. Awawdeh L, Lundy FT, Shaw C, Lamey PJ, 
Linden GJ, Kennedy JG. Quantitative analysis of 
substance P, neurokinin A and calcitonin gene-related 
peptide in pulp tissue from painful and healthy human 
teeth. Int Endod J 2002;35:30-6. 

25. Caviedes-Bucheli J, Gutierrez-Guerra JE, 
Salazar F, Pichardo D, Moreno GC, Munoz HR. 
Substance P receptor expression in healthy and 
inflamed human pulp tissue. Int Endod J 
2007;40:106-11. 

26. Caviedes-Bucheli J, Lombana N, Azuero- 
Holguin MM, Munoz HR. Quantification of 
neuropeptides (calcitonin gene-related peptide, 
substance P, neurokinin A, neuropeptide Y and 
vasoactive intestinal polypeptide) expressed in 
healthy and inflamed human dental pulp. Int Endod 
J 2006;39:394-400. 

27. Caviedes-Bucheli J, Camargo-Beltran C, 
G6mez-la-Rotta AM, Moreno SC, Abello GC, 
Gonzalez-Escobar JM. Expression of calcitonin 
gene-related peptide (CGRP) in irreversible acute 
pulpitis. J Endod 2004;30:201-4. 

28. Bowles WR, Withrow JC, Lepinski AM, 
Hargreaves KM. Tissue levels of immunoreactive 
substance P are increased in patients with 
irreversible pulpitis. J Endod 2003;29:265-7. 

29. El Karim lA, Lamey PJ, Linden GJ, Lundy FT. 
Neuropeptide Y Yl receptor in human dental pulp 
cells of noncarious and carious teeth. Int Endod J 
2008;41:850-5. 

30. Rodd HD, Boissonade FM. Substance P 
expression in human tooth pulp in relation to caries 
and pain experience. Eur J Oral Sci 2000;108:467-74. 

31. Killough SA, Lundy FT, Irwin CR. Substance P 
expression by human dental pulp fibroblasts: a 
potential role in neurogenic inflammation. J Endod 
2009;35:73-7. 

32. Okiji T, Jontell M, Belichenko P, Dahlgren U, 
Bergenholtz G, Dahlstrom A. Structural and 
functional association between substance P- and 
calcitonin gene-related peptide-immunoreactive 
nerves and accessory cells in the rat dental pulp. J 
Dent Res 1997;76:1818-24. 

33. Taylor PE, Byers MR. An immunocytochemical 

study of the morphological reaction of nerves 
containing calcitonin gene-related peptide to 
microabscess formation and healing in rat molars. 
Arch Oral Biol 1990;35:629-38. 

34. Trantor IR, Messer HH, Birner R. The effects of 
neuropeptides (calcitonin gene-related peptide and 
substance P) on cultured human pulp cells. J Dent 
Res 1995;74:1066-71. 



116 



/EJ -Volume 5, Number 3, Summer 2010 



